Isolation and characterization of oxygen-evolving photosystem II complexes retaining the PsbO, P and Q proteins from Euglena gracilis.
Oxygen-evolving photosystem II (PSII) complexes of Euglena gracilis were isolated and characterized. (1) The PSII complexes contained three extrinsic proteins of 33 kDa (PsbO), 23 kDa (PsbP) and 17 kDa (PsbQ), and showed oxygen-evolving activity of around 700 micromol O2 (mg Chl)(-1) h(-1) even in the absence of Cl- and Ca2+ ions. (2) NaCl-treatment removed not only PsbP and PsbQ but also a part of PsbO from Euglena PSII, indicating that PsbO binds to Euglena PSII more loosely than those of other organisms. Treatments by urea/NaCl, alkaline Tris or CaCl2 completely removed the three extrinsic proteins from Euglena PSII. (3) Each of the Euglena extrinsic proteins bound directly to PSII independent of the other extrinsic proteins, which is similar to the binding properties of the extrinsic proteins in a green alga, Chlamydomonas reinhardtii. (4) One of the significant features of Euglena PSII is that the oxygen evolution was not enhanced by Ca2+. When CaCl2-treated Euglena PSII was reconstituted with PsbO, the oxygen-evolving activity was stimulated by the addition of NaCl, but no further stimulation was observed by CaCl2. (5) Oxygen evolution of Euglena PSII reconstituted with PsbO from C. reinhardtii or spinach instead of that from Euglena also showed no enhancement by Ca2+, whereas a significant enhancement of oxygen evolution was observed by Ca2+ when the green algal or higher plant PSII was reconstituted with Euglena PsbO instead of their own PsbO. These results indicate that the PSII intrinsic proteins instead of the extrinsic PsbO protein, are responsible for the stimulation of oxygen evolution by Ca2+. Sequence comparison of major PSII intrinsic proteins revealed that PsbI of Euglena PSII is remarkably different from other organisms in that Euglena PsbI possesses extra 16-17 residues exposed to the luminal side. This may be related to the loss of enhancement of oxygen evolution by Ca2+ ion.